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SUPERSONIC AERODYNAMIC CHARACTERISTICS OF A 1/6-scm 

MODEL OF THE FINAL TWO STAGES OF THE 

ARGO D-4 FOUR-STAGE ROCKET VEHICLE 

By Clyde Hayes and William A. Cor le t t  
Langley Research Center 

SUMMARY 

An invest igat ion has been made t o  determine the  aerodynamic cha rac t e r i s t i c s  
of a 1/6-scale model of t he  f i n a l  two stages of the  Argo D-4 rocket vehicle.  
Three s e t s  of cruciform f i n s  were investigated on the model. Two s e t s  were 
t rapezoidal  i n  planform, had a f l a t  double-wedge a i r f o i l  section, and d i f fe red  
only i n  s ize .  The t h i r d  s e t  had an area equal t o  t h a t  of t he  l a rge r  t rapezoidal  
f i n s ,  but  had swept leading and t r a i l i n g  edges and a single-wedge a i r f o i l  sec- 
t i on .  
vide posi t ive r o l l .  I n  addition, the  small t rapezoidal  f i n s  were t e s t ed  with 
the  f i n s  uncanted and a l so  i n  a 45' r o l l  a t t i t ude .  
ducted a t  Mach numbers from 2.30 t o  4.63 a t  a Reynolds number per foot  (per  
0.3048 m) of 3.0 x 10 6 . 

A l l  the  f i n  configurations were tes ted with the f i n s  canted 1.1' t o  pro- 

The invest igat ion was con- 

The r e s u l t s  of the  invest igat ion indicated t h a t  t he  swept-fin configuration 
provided grea te r  longi tudinai  s t a b i l i t y  than the  t rapezoidal-f in  configuration 
of equal area because of a grea te r  e f fec t ive  moment arm and a generally 
increased l i f t - cu rve  slope. The swept-fin configuration a l so  provided a grea te r  
r o l l i n g  moment than the t rapezoidal-f in  configuration of equal area.  There was 
no appreciable e f f e c t  of small-trapezoidal-fin r o l l  a t t i t u d e  on e i t h e r  longitu- 
d ina l  s t a b i l i t y  or  r o l l i n g  moment. Cant angle of the  small t rapezoidal  f i n s  had 
l i t t l e  e f f e c t  on the  longi tudinal  s t a b i l i t y  of the  model. 

INTRODUCTION 

The Argo D-4 i s  a four-stage rocket vehicle, consis t ing of t he  Honest John 
M 6  a s  f i rs t  stage,  the  Nike-Ajax M? booster as second stage and t h i r d  stage,  and 
t h e  Aiiaii- I-AG 2 s  focr th  s t .~ge:  f o r  use i n  a number of space research projects .  
The accurate determination of i t s  th i rd -  and fourth-stage s t a b i l i t y  ~ ' ~ r a z t e r i c -  
t i c s  i s  desirable  i n  order t o  permit the  use of payloads of d i f fe ren t  weights, 
t.he refinement of dispersion predictions,  and the  evaluation of the  e f f e c t  of 
t h i rd -  and fourth-stage deviation rrom normal fli& ;sthl. Effo r t s  have been 
made t o  determine the  s t a b i l i t y  charac te r i s t ics  of the  t h i r d  and four th  stages 
ana ly t ica l ly ,  but  because of the diameter change between the two s tages  ( the  



four th  stage being l a rge r  i n  diameter than the t h i r d  stage) it i s  d i f f i c u l t * t o  
determine accurately the  lift coeff ic ient  and center of pressure of these two 
s tages .  A wind-tunnel program was therefore  i n i t i a t e d  t o  determine experimen- 
t a l l y  the aerodynamic cha rac t e r i s t i c s  of a 1/6-scale model of the t h i r d  and 
four th  stages of the Argo D-4 vehicle.  
t i o n  was from 2.30 t o  4.63, which was the approximate Mach number range of t he  
third-stage f l i g h t .  

The Mach number range of the  investiga- 

The four th  stage, or forebody, had an ogive nose and was approximately 
1.7 percent la rger  i n  diameter than the t h i r d  stage,  and i t s  length w a s  about 
47 percent of the combined th i rd -  and fourth-stage length.  
of the combined configuration based on the t h i r d  stage w a s  about 17.4. 
stages were joined by a b o a t t a i l  f a i r i n g .  

The fineness r a t i o  
The two 

The model consisted of the  th i rd -  and fourth-stage combination and w a s  
investigated with three  d i f f e ren t  s e t s  of cruciform f i n s  attached t o  the a f t e r -  
body near t he  base. One s e t  was t rapezoidal  i n  planform and had a slab section 
with wedge-shaped leading and t r a i l i n g  edges. 
increased s ize .  The t h i r d  s e t  was equal i n  area t o  the  second s e t  but  had swept 
leading and t r a i l i n g  edges. This l a s t  s e t  also had a wedge a i r f o i l  section. 
A l l  the  canted f i n s  had a 1.1' cant angle t o  provide a pos i t ive  ro l l i ng  moment. 
The model w a s  a l so  tes ted  with the small t rapezoidal  canted f i n s  i n  a 45O r o l l  
angle and a l so  with the  s m a l l  t rapezoidal  f i n s  uncanted. 

Another s e t  was similar but  of 

The invest igat ion was conducted i n  the Langley Unitary Plan wind tunnel  a t  
Mach numbers from 2.30 t o  4.63 a t  angles of a t tack  from -4' t o  13' with an angle 
of s ides l ip  of 0'. 
a t  3.0 x lo6. 

The Reynolds number per foot  (per  0.3048 m) was maintained 

SYMBOLS 

The force and moment data  a re  presented i n  coef f ic ien t  form referred t o  the  
body a x i s  system with the  moment reference center  located on the model center 
l i n e  a t  a point 61.8 percent of the model length a f t  of t h e  model nose. Meas- 
urements f o r  t h i s  invest igat ion were taken i n  the  U.S. Customary Units but  a r e  
a lso given parenthe t ica l ly  i n  the  In te rna t iona l  System of Units. 

Ae exposed aspect r a t i o ,  determined f o r  exposed span and planform area 

Axial force 
qs axial-force coef f ic ien t ,  CA 

Cm 
Pitching moment 

qSd 
pitching-moment coef f ic ien t ,  

CN 
Normal force normal-f orce coef f ic ien t  , 

qs 
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. s t a b i l i t y  parameter a t  a = Oo, %, per deg aa 
normal-force effect iveness  parameter a t  a = Oo, -, a C N  per deg 

'a aa C 

2 length of model, t h i rd -  and fourth-stage combination 

d third-stage base diameter, 2.74 i n .  (6.960 cm) 

M Mach number 

c l  free-stream dynamic pressure, l b f / f t 2  (N/m2) 

S third-stage base area, 0.0409 f t*  (0.003800 m2) 

center-of-pressure location i n  f ract ion of body length, measured xCP - 
a f t  from nose 2 

a angle of a t tack,  deg 

6 cant angle, measured from body axis, deg 

# r o l l  angle of f i n s  measured from v e r t i c a l  plane, deg 

APPARATUS AND KZI"0DS 

Model and Support System 

Detai ls  of the  model are presented i n  f igure  1. With the  exception of t'ne 
s t e e l  f i n s  t he  model w a s  constructed of aluminum al loy.  
an ogive nose on a cylinder and was approximately 17 percent la rger  i n  diameter 
than the  t h i r d  stage.  The fineness r a t i o  of t h e  model ( t h i r d  and four th  stages 
together) was about 17.4 based on the  diameter of the th i rd  stage. 
between the  two stages was made by a b o a t t a i l  f a i r ing .  
with three s e t s  of cruciform f i n s  ( f ig .  l ( b ) ) .  
i n  s i z e ;  bo th  had t rapezoidal  planforms and f l a t  a i r f o i l s  with wedge-shaped 
leading and t r a i l i n g  edges. 
t h e  t rapezoidal  f ins ,  bu t  had swept leading and t r a i l i n g  edges and a single- 
wedge a i r f o i l  sect ion.  
f igura t ions  had leading-edge r a d i i  of about 0.013 i n .  (0.0381 cm) and t h e  s m a l l  
t rapezoidal  f i n s  had a radius of about 0.010 in .  (0.0254 cm) . 
were attacned io Gie kzdy v i th  t.he center of t h e  root chords a t  the same longi- 
t ud ina l  body s t a t ion  and were canted 1.1' with respect t o  the tedy e e c t e r  l i n e  
t o  provide a pos i t ive  ro l l i ng  moment. I n  addition, t he  s m a l l  t rapezoidal  f i n s  
'.:ere conqt.nicted t o  provide a cant angle of  0' and provision w a s  made t o  roll 
t he  f i n s  45'. 
following table:  

The fourth stage had 

Transit ion 
The model was provided 

Two of these sets d i f fe red  only 

The t h i r d  set  had an area equal t o  the  l a rge r  of 

The leading edges were rounded; the  two la rge  f i n  con- 

The three  sets 

The geometry of the  Tin CoIlTigui-~tlecE i s  sl.immarized i n  the  
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r 
Planform Section & Taper r a t i o  Span, f t  (m) 

Swept Wedge 1.83 0.594 0.528 ( 0.1609) 

Trapezoidal F l a t  2.26 .482 .302 ( .1530) 
' Trapezoidal F l a t  2.62 .425 .633 ( .ig29) 

The model was attached t o  an in te rna l ly  mounted strain-gage balance which 
was attached t o  a rear-mounted s t ing .  The s t ing,  i n  turn,  w a s  attached t o  the 
tunnel central  support system which allows remote control of the model a t t i t u d e  
i n  the t e s t  section. 

Area, f t 2  (m2) 

0.132 (0.014121) 

.112 ( .010403) 

.i33 ( .014214) 

Tests and Corrections 

Tests were made i n  the  high Mach number t e s t  section of the  Langley Unitary 
Plan wind tunnel through an angle-of-attack range from about -40 t o  130, a t  an 
angle of s ides l ip  of Oo, and a t  Mach numbers of 2.30, 2.96, 3.96, and 4.63. 
The free-stream stagnation temperature was maintained a t  150° F (3390 K) f o r  
M = 2-50  and 2-96 
Reynolds number per foot (per  0.3048 m) of 3.0 x 10 6 was maintained f o r  a l l  Mach 
numbers. 
avoid condensation e f f ec t s .  The r e s u l t s  have been corrected f o r  flow angularity 
and deflection of the balance and s t ing  under load. The balance chamber pres- 
sure was measured and the a x i a l  force was adjusted t o  a base pressure equal t o  
the free-stream pressure. The accuracies of the data a re  estimated t o  be: 

and 175' F (353' K) fo r  M = 3.96 and 4.63. A constant 

The stagnation dewpoint was maintained a t  -300 F (2390 K) i n  order t o  

C N . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  f0.0190 
c A , .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  *0.0017 
c m .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  f0.0210 
c 2 . ,  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  *0.0050 

deg +o .01 
2.30 to 2.96) . . . . . . . . . . . . . . . . . . . . . . . . . . .  f0.015 
3.96 t o  4.63) . . . . . . . . . . . . . . . . . . . . . . . . . . .  kO.050 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

€"RJ3SENTATION OF RESULTS 

The resu l t s  of the invest igat ion are  presented i n  the following f igures:  

Effect of small trapezoidal f i n s  and f i n  cant on the longitudinal 
aerodynamic charac te r i s t ics .  $d = 0'. . . . . . . . . . . . . . . . . . .  2 

Effect of f i n  size,  planform, and r o l l  angle on p i t ch  character- 
i s t i c s .  6 = 1.10. . . . . . . . . . . . . . . . . . . . . . . . . . . .  3 

Variation of longitudinal s t a b i l i t y  parameters with Mach number . . . . . .  4 
5 

Comparison of rolling-moment cha rac t e r i s t i c s  of the  model with 
Ro l l  charac te r i s t ics  of the  model with small trapezoidal f i n s  . . . . . . .  

various f in  arrangements. 6 = 1.1~; $ = 00. . . . . . . . . . . . . . .  6 
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DISCUSSION 

The longi tudinal  aerodynamic charac te r i s t ics  of the body alone and of the  
body with the  small t rapezoidal  f i n s  a t  cant angles of 0' and 1.l0 a re  presented 
i n  f igure  2. There appears t o  be l i t t l e  e f fec t  of f i n  cant on the p i t ch  charac- 
t e r i s t i c s  of the  model i n  the  test  angle-of-attack and Mach number range. A 
comparison of the  p i t ch  data  f o r  the  model with the  various f i n  arrangements 
( 6  = 1.l0) and with the  small t rapezoidal  f i n s  ro l l ed  450 i s  shown i n  f igu re  3. 
The r o l l  angle of the s m a l l  t rapezoidal  f i n s  has only a s m a l l  e f f e c t  on the  
p i t ch  cha rac t e r i s t i c s  of t he  model. Both of t h e  l a rge r  f i n  configurations pro- 
vide increased normal force and s t a b i l i t y  a s  would be expected, although the 
swept f i n s  provide the  grea te r  increase i n  s t a b i l i t y .  The increased ef fec t ive-  
ness of the  swept f i n s  may be a t t r i bu ted  t o  the  difference i n  both planform and 
a i r f o i l  section. The primary e f f ec t  of planform i s  the  increased t a i l  moment 
arm due t o  the leading- and trail ing-edge sweep. Increased values of CN 
( f i g .  3) ind ica te  increased f i n  l i f t  which may be a t t r i bu ted  a t  l e a s t  i n  part t o  
the  single-wedge a i r f o i l  section which would be expected t o  have a l a rge r  l i f t -  
curve slope than the  f l a t  double-wedge a i r f o i l  of the t rapezoidal  f i n s .  The 
axial force of t he  swept-fin configuration i s  grea te r  than tha t  f o r  the  
t rapezoidal-f in  configuration, pa r t i cu la r ly  a t  lower Mach numbers, and t h i s  
increase i s  a l s o  an e f f e c t  of the a i r f o i l  section which r e s u l t s  i n  a blunt  
t r a i l i n g  edge f o r  t he  swept f i n .  

The var ia t ions  of t he  longitudinal s t a b i l i t y  parameters with Mach number 
( f i g .  4) a r e  about t h e  same f o r  the  s t a b i l i t y  parameters of a l l  the  f i n  arrange- 
ments and d i f f e r  only i n  absolute leve ls .  

The r o l l  cha rac t e r i s t i c s  of the model with the  various f i n  configurations 
( f i g s .  5 a d  6 )  show t h a t  t he  1.l0 cant angle leads t o  posi t ive r o l l  e f fec t ive-  
ness throughout t h e  t e s t  angle-of-attack and Mach n-aber range and t h a t  t he  45' 
a t t i t u d e  of the  small t rapezoidal  f i n s  has no appreciable e f f e c t  on the  model 
C2 
t iveness  of t he  swept f i n s  i s  grea te r  than t h a t  of t he  large t rapezoidal  f i n s  
( f i g .  6) .  

( f i g .  5 ) .  Except f o r  t he  low angles of a t t a c k  a t  M = 2.30, the  r o l l  effec-  

SUMMARY OF FESULTS 

An inves t iga t ion  a t  Mach numbers from 2.30 t o  4.63 t o  determine the  aero- 
dynamic cha rac t e r i s t i c s  of a 1/6-scale model of the Argo D-4 t h i rd -  and fourth- 
s tage configuration with several  different  cruciform f i n  configurations indi-  
c+.e s t he  following r e  s u l t  s : 

1. The swept-fin configuration provided grea te r  longitudinal s t a b i l i t y  than 
the  t rapezoidal-f in  configuration of equal area,  because of a greater  e f f ec t ive  
moment arm ana t h e  iLici-ezsc5 lif t-ciwve slope of the  single-wedge a i r f o i l  of the  
swept-f i n  configuration. 
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2. The swept-fin configuration generally provided a grea te r  rolli 'ng monient 
than the t rapezoidal-f in  configuration of equal area. 

3 .  There was no appreciable e f f ec t  of . f in  r o l l  a t t i t u d e  on either longitu- 
d ina l  s t a b i l i t y  o r  r o l l i n g  moment. 

4. A f i n  cant of 1.l0 t o  provide r o l l i n g  moment had no e f f ec t  on longitu- 
d ina l  s t a b i l i t y .  

Langley Research Center, 
National Aeronautics and Space Administration, 

Langley Stat ion,  Hampton, Va., June 25, 1965. 
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Figure 2.- Effect of small trapezoidal f ins  and f i n  cant on longitudinal aerodynamic characteristics. $ = Oo. 
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Figure 2.- Continued. 
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(c) M = 3.96. 

Figure 2.- Cui i i i i iud.  
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Figure 2.- Concluded. 
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Figure 3.- Eftect or i in sic, pidI-lfGi;, x i  x!! :!?:!e cn p i t r h  characteristics. 6 = 1.10. 
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